The objective of this study was to assess sensitivity of the Omni Klentaq-LA DNA polymerase for detecting Aleutian mink disease virus (AMDV) in mink blood and tissues by PCR without DNA extraction. The presence of AMDV DNA was directly tested by Klentaq in plasma, serum, whole blood and spleen homogenates of 188 mink 4 and 16 months after inoculation with the virus. Samples from bone marrow, small intestine, liver, lungs, kidneys and lymph nodes of 20 of the same mink were also tested by Klentaq. DNA was extracted from paired samples of plasma and the aforesaid tissues by a commercial nucleic acid extraction kit (Dynabeads Silane) and tested by PCR. Compared with the extracted DNA, Klentaq detected a significantly greater number of samples in the whole blood, serum, plasma, spleen and small intestine. It was concluded that Klentaq is a preferred system for directly detecting AMDV DNA in mink blood and tissues. The lower success rate of extracted DNA compared with Klentaq could be the result of DNA losses during the extraction process. This is an important factor in chronically infected mink which have a low AMDV copy number in the bloodstream. Direct AMDV detection also reduces the cost of PCR amplification and lowers the risk of sample contamination.
, leading to reduced reproductive performance (Broll and Alexandersen 1996; Reichert and Kostro 2014) and increased adult and kit mortality (Bloom et al. 1994; Dyer et al. 2000) . With no effective vaccine (Aasted et al. 1998; Castelruiz et al. 2005) or cure, testing animals by counter-immunoelectrophoresis (CIEP) (Cho and Ingram 1973) and removal of sero-converted individuals has been the preferred method of controlling AMDV globally, but this strategy has shown limited success in many counties, including Canada (Farid et al. 2012) . One reason for the failure of test and kill strategy is false negative CIEP test results during the early stages of infection (Bloom et al. 1975; Hadlow et al. 1985 , Farid et al. 2015 . PCR, on the contrary, can detect infection earlier than CIEP (Jackson et al. 1992; Oie et al. 1996; Farid et al. 2015) , which is important when an AMDV-free ranch becomes infected and animals that carry the virus ought to be identified and eliminated as fast as possible. PCR, however, fails to detect the virus in some chronically infected mink when virus replication becomes restricted (Jackson et al. 1996; Jensen et al. 2014 ).
PCR is not widely used by mink ranchers for routine herd screening, primarily because of its high cost, which is partly associated with the DNA extraction step needed to remove inhibitors in biological materials (Reviewed in Rådström et al. 2004; Alaeddini 2012) . DNA extraction methods, including commercial kits, may leave behind some residual inhibitors and often result in loss of sample DNA (Shipley et al. 2012; Barta et al. 2014; Kemp et al. 2014) , and increase the chance of sample crosscontamination (Frickhofen and Young 1991; Queipo-Ortuño et al. 2008) .
Attempts have been made to eliminate the DNA extraction step from blood and other biological samples to reduce the cost of PCR tests, reduce DNA losses and lower the risk of sample contamination (Rådström et al. 2004; Yang et al. 2007; Trombley Hall et al. 2013) . PCR inhibitors affect the activity of DNA polymerase enzymes (Rådström et al. 2004; Eilert and Foran, 2009; Monroe et al. 2013) and there are differences among enzymes in their ability to directly amplify DNA in blood by PCR (Abu Al-Soud and Rådström 1998; Miura et al. 2013) . The Omni Klentaq is a Taq DNA polymerase lacking 278 amino acids in its N-terminal region (Klentaq 1) and contains a glutamic acid to lysine substitution at codon 708, which confers resistance to several PCR inhibitors (Kermekchiev et al. 2009 ) and can directly amplify target DNA from samples containing as much as 25% whole blood, plasma and serum when used with the inhibitor-resistant PCR Enhancer Cocktail (Zhang et al. 2010) . The objective of this study was to assess the sensitivity of direct AMDV DNA detection in the whole blood, serum, plasma and various organs of mink by the Klentaq, using DNA extracted by a commercial kit (Dynabeads Silane) as the control.
Materials and Methods

The statement of animal care
All protocols were performed according to the standards of the Canadian Council on Research Centre) according to the standard industry practices in 61.0x30.5x20.3 cm cages. Prior to inoculation or blood sampling, animals were anesthetized by intramuscular injection of ketamine hydrochloride (Ketalean, Bimeda-MTC Cambridge, ON, Canada) and xylazine hydrochloride (Rompun 2%, Bayer Health Care) at the rates of 10 mg and 2 mg per kg live weight, respectively. Animals were anesthetized prior to being euthanized by intracardiac injection of sodium pentobarbital (Euthanyl, Bimedia-MTC) at the rate of 100 mg per kg body weight or occasionally by CO 2 inhalation in a wooden box.
Source of tissues
Black American mink (Neovison vison) which were intranasally inoculated in the fall of 2010 or 2011 with 600 ID 50 of a spleen homogenate containing a local strain of AMDV (Farid et al. 2015) were used in this study. Animals were euthanized approximately 4 and 16 months post-inoculation in January or February of 2012. Blood was collected by heart puncture into heparinized tubes for plasma preparation for the CIEP test, in EDTA-coated tubes for viral detection by PCR, and in plain tubes for serum preparation. Blood samples were kept in a refrigerator overnight and centrifuged at 1397 g (Porta Spin C826 centrifuge, Unico, Dayton, NJ, USA) for 10 min for serum and plasma preparation. After pelting, samples from seven organs (bone marrow, spleen, lymph nodes, liver, kidneys, small intestine (duodenum) and lungs) were harvested and transferred into cryovials. All 
Laboratory procedures
Cell-free tissue preparation Tissue homogenates were prepared by cutting approximately 0.25 g of frozen tissue into small pieces with sterile scissors, 50 µL of sterile phosphate buffered saline (PBS, Sigma-Aldrich, St. Louis, MO, USA) was added and homogenized with a batteryoperated Kontes grinder (VWR, Mississauga, ON) until it became a uniform paste. Another 700 µL of cold PBS was added, the mixture was briefly vortexed and centrifuged at 16,000 × g (Eppendorf 5415C, Hamburg, HH, Germany) for 10 min, and the supernatant was saved for analysis.
Direct AMDV DNA amplification using Klentaq Direct AMDV amplification was performed by PCR in 25 µL total volumes containing (final concentration) 1X PCR buffer, 0.2 mM each dNTP, 400 nM each primer, 1X (12.5 µL) PCR Enhancer Cocktail (PEC-2) and 0.25 µL of Omni Klentaq-LA, both supplied by the DNA Polymerase Technology (http://www.klentaq.com). The primer pair was 60F/60R as previously described (Farid, 2013) . Three PCR tests were performed on each sample using 0.5, 1.0 and 2.0 µL of tissue homogenates, plasma, serum and whole blood diluted three times with nuclease-free water (Qiagen, Mississauga, ON). The thermal cycler (BioRad C1000 or S1000 series) was programmed at an initial denaturation at 95 Three PCR tests were performed on each sample using 1.5, 2.5 and 3.5 µL of extracted DNA, and the thermal cycler was programmed as explained above for direct PCR amplification.
PCR products were run on agarose gels (Agarose 1, Mandel Scientific, Guelph, ON) and stained with ethidium bromide. A sample was considered positive when at least one of the PCR reactions showed a strong amplification or at least two of the reactions produced faint bands. The reaction was considered inconclusive when only one of the reactions resulted in a faint amplification. All PCR tests included a reaction containing DNA from a known AMDV-infected mink (positive control for extracted DNA) or plasma from an AMDV-infected mink (positive control for the Klentaq) and a blank reaction inconclusive and negative PCR results tested by the Klentaq method were scored as 1.0, 0.5 and 0.0, respectively, and the effect of sample volume was compared using the nonparametric Kruskal-Wallis ANOVA. In cases where the ANOVA showed significant differences at α=0.05% level, pairwise comparisons between sample volumes were made by Mann-Whitney test after the Bonferroni correction for multiple comparisons.
Results
Optimization of direct AMDV DNA amplification conditions using Klentaq
Undiluted whole blood often resulted in gelling of the PCR mixture during the amplification process and caused reaction failure, which could be the result of initial Company's suggested program (n=36, ϰ 2 =14.8, P < 0.001). Comparison between direct viral DNA detection in the whole blood, plasma and serum and extracted DNA
The joint distributions of PCR results of extracted DNA from plasma by DB and direct amplification of AMDV DNA in the whole blood, plasma and serum of the 188 mink by the Klentaq are shown in Table 1 . Results were significantly different (P<0.001) between the two PCR methods for the three types of blood preparations. Of the 91 plasma samples that were positive using the Klentaq, only 16 (17%) were positive using the DB method and 4 (4.3%) were inconclusive. The 19 samples that were inconclusive using the Klentaq method, all were negative using the DB method. Of the 77 plasma samples that were negative using the Klentaq, 76 (98%) were also negative using the DB and one was inconclusive. Of the 79 serum samples that were positive using the Klentaq,15 (19%) were positive using the DB method and 4 (5.1%) were inconclusive. Of the 15 samples that were inconclusive using the Klentaq, 14 were negative and one (6.7%) was inconclusive using the DB method. Of the 94 samples that were negative using the Klentaq, 93
(98.9%) were negative using the DB and one was positive. Of the 65 whole blood samples that were positive using the Klentaq, 16 (24.6%) were positive using the DB method and 2 (3.1%) were inconclusive. Of the 38 samples that were inconclusive using the Klentaq, 37
were negative and one (2.6%) was inconclusive using the DB method. Of the 85 samples that were negative using the Klentaq, 83 (97.6%) were negative using the DB with two D r a f t being inconclusive. Although samples were all from inoculated mink which were CIEP positive, neither of the PCR methods detected AMDV DNA in 76 (40.6%), 93 (49.4%) and 83 (44.1%) of the plasma, serum and whole blood samples, respectively.
Pairwise comparisons of PCR results of direct amplification of AMDV DNA by the Klentaq in the three blood preparations of the 188 samples showed that plasma was significantly different from serum and whole blood, but the results of serum and whole blood were comparable ( Table 2 ). The largest number of positive PCR results were observed in plasma (n=91, 48.4%) followed by serum (n=79, 42.0%) and whole blood (n=65, 34.6%), and the largest number of inconclusive tests was in whole blood (20.2%)
followed by plasma (10.1%) and serum (8.0%). Consequently, the largest number of negative PCR results were observed in serum (50.0%), followed by whole blood (44.6%) and plasma (41.0%), suggesting that plasma was the best blood preparation method for the direct detection of AMDV DNA by the Klentaq. D r a f t 4), resulted in a significantly lower success rate of 0.5 µL sample volume than 1.0 and 2.0 µL. Sample volume did not significantly affect PCR success rate for spleen homogenate.
Discussion
Blood is the most commonly used material for molecular diagnosis in humans and live animals because of its ease of collection and processing. Serum (Oie et al. 1996) , plasma (Jensen et al. 2014; Farid et al. 2015) and leukocytes (Jackson et al. 1992 (Jackson et al. , 1996 have been used for the detection of AMDV DNA in mink, but there is no published report comparing the PCR success rate of various blood fractions for parvoviruses. Although not very pertinent to parvoviruses, the success of detecting DNA viruses or measuring viral load by PCR in human blood fractions is still subject to controversy. It was shown that The most striking result of this study was the observation that all samples that were tested positive by DB were also positive by the Klentaq, and more than 50% of the samples that were negative using DB became positive or inconclusive by the Klentaq in D r a f t various blood preparations. There are two possible reasons for this observation. First, the loss of AMDV DNA occurring during the DNA extraction process is inevitable. DNA losses during extraction by commercial kits varies widely and is influenced by the type of extraction kit and the source of tissue (Fredricks et al. 2005; Queipo-Ortuño et al. 2008; Cai et al. 2011) . The amount of DNA lost is often large, for instance 21.75% to 60.56% (Kemp et al. 2014) , 45.1% to 99.5% (Barta et al. 2014 ) and 57.5% to 100% (Mumy and Findlay 2004) . It could be hypothesized that the low amounts of AMDV DNA in the circulation of most chronically infected mink in the current study, in addition to the losses during the extraction process, resulted in a low viral copy number and PCR failure. The second reason for the greater PCR success rate in direct amplification could be the failure of the DNA extraction kit to remove all PCR inhibitors along with the use of inhibitorsensitive Taq DNA polymerase. Co-extraction of PCR inhibitors by commercial DNA extraction kits has been observed in other studies, which caused PCR amplification failure when inhibitor-sensitive Taq DNA polymerases were used (reviewed in Alaeddini 2012; Kramvis et al. 1996; Klein et al. 1997) , whereas the use of inhibitor-resistant DNA polymerases, such as Klentaq, improved PCR success rate (Monroe et al. 2013 ).
The differences observed between the three methods of blood preparations for PCR success rate by the Klentaq is of practical importance for detecting AMDV DNA in live animals and there is no published information to compare these results with. The discrepancy between the results of direct PCR amplifications by the Klentaq in different blood preparations could be the manifestation of differences in viral load as well as the type and the amount of inhibitors in each source. The three volumes of 1:3 diluted whole blood (0.5, 1.0 and 2.0 µL) used in 25 µL total PCR reaction volume corresponded to D r a f t 0.5%, 1% and 2% of the original whole blood in the PCR reaction mixture. The use of 4.0 µL and 5.7 µL of the 1:3 diluted whole blood and 2.0 µL of 1:2 dilution, corresponding to 4%, 5.7% and 2.7% whole blood, respectively, were tested and caused gelling of some PCR reactions and failure of the test. The maximum volume of whole blood which was successfully used in the current experiment was considerably lower than the 25% previously suggested for the Klentaq (Zhang et al. 2010 ). In the current experiment, the amounts of undiluted serum and plasma in the PCR cocktail were 2%, 4% and 8% of the PCR reaction mixture.
The observed differences in PCR success rate among tissues by extracted DNA and direct amplification by the Klentaq were likely the result of variable amounts of viral DNA present in each tissue (Jensen et al. 2014) , as well as the type and the amount of PCR inhibitors. PCR success rates in all tissues were greater than those in the blood preparations by both PCR methods, which is attributable to the limited AMDV replication in chronically infected mink (Bloom et al. 1994; Best and Bloom 2006) . The two PCR methods were comparable for bone marrow and lymph nodes, likely because of their high virus content, implying that direct viral DNA detection is not advantageous over DNA extraction when viral load is high in a sample and some DNA losses during the extraction step does not have a major effect on the results. The greatest number of negative PCR results by both PCR methods was observed in the liver (40%), which is consistent with the result of the previous experiment where AMDV was tested in the same seven organs of mink 10 days post-inoculation and liver showed the highest negative PCR results (35.7%) (Farid et al. 2015) .
More spleen samples were tested than other tissues because of its relatively large D r a f t size, ease of sampling and the fact that it is one of the sites of AMDV replication and sequestration (Bloom et al. 1994) , and that AMDV DNA can be detected in the spleen more often than in non-lymphoid organs (Jensen et al. 2014 , Farid et al. 2015 . The use of Klentaq increased the rate of PCR success in the spleen compared with DNA extracted by DB in the current study (73.4% vs 44.1%) and is thus a preferred method of AMDV DNA detection in this tissue taken from mink cadavers.
Blood and tissues carry the DNA of infectious agents in addition to that of the host, making it difficult to quantify viral DNA load separately from genomic DNA by a spectrophotometer. For this reason, three volumes of blood preparations and tissue homogenates were used in this study. Similarities in PCR success rate for different volumes of spleen homogenates was possibly due to the negative effect of PCR inhibitors, which negated the increased amount of viral DNA in the PCR reaction as sample volume increased. The level of PCR inhibitors was possibly lower in plasma and serum than in the whole blood, which resulted in sharp increases in both positive and inconclusive PCR results when 2.0 µL of plasma and serum were used. It can be concluded that 2.0 µL of blood preparations was the best for the direct detection of AMDV DNA by the Klentaq in chronically infected mink. Although 4 µL of 1:3 diluted whole blood caused PCR failure in some samples, this input volume was not tested for serum, plasma or tissue homogenates and requires further investigation.
Conclusions
Compared with extracted DNA from plasma and seven organs by a commercial nucleic acid extraction kit, Omni Klentaq-LA significantly increased the number of PCR positive D r a f t samples in whole blood, plasma, serum, spleen and small intestine. 
